Background: Scabies is a common parasitic infectious disease, and COPD is a major pulmonary disease. However, there have been no previous studies that have investigated the relationship between scabies and COPD. Materials and methods: This nationwide population-based study included a total of 3,568 patients with scabies as the study group and 14,255 patients as a control group. We followed up patients in both groups for a 5-year period to identify any new diagnoses of COPD. We then followed them up for an additional 2-year period to determine the severity of any newly diagnosed cases of COPD as indicated by acute respiratory events. Cox proportional hazard regression analyses were performed to calculate the hazard ratio (HR) of COPD during the 5-year follow-up period and COPD complication during the additional 2-year follow-up period. Results: Of the 17,823 patients in the study, 2,765 (15.5%) were newly diagnosed with COPD during the 5-year follow-up period; 904 (32.7%) were from the scabies group; and 1,861 (67.3%) were from the control group. Compared to the patients without scabies, the adjusted HR (aHR) for COPD for the subjects with scabies was 1.72 (95% CI: 1.59-1.87) during the 5-year follow-up period. For those newly diagnosed with COPD, the aHR for COPD with acute exacerbation was 1.85 (95% CI: 1.67-2.06), the aHR for COPD with pneumonia was 3.29 (95% CI: 2.77-3.92), the aHR for COPD with acute respiratory failure was 4.00 (95% CI: 3.08-5.19), and the aHR for COPD with cardiopulmonary arrest was 3.95 (95% CI: 2.25-6.95) during the additional 2-year follow-up period.
Introduction
Scabies is a common parasitic infectious disease that is caused by the mite Sarcoptes scabiei. 1 The worldwide prevalence of scabies infection is ∼300 million cases per year. 6 COPD is a major cause of morbidity and mortality worldwide 7 and is expected to become the third leading cause of death by 2020. 8 A recent epidemiological survey found that the prevalence of COPD in Taiwan is 6.1%. 9 COPD is characterized by persistent airflow limitation that is usually progressive. A chronic inflammatory response to the presence of noxious particles or gases in the airways is the main pathogenesis of such airflow limitation. 10 Tobacco smoking, occupational pollution, and indoor air pollution are major risk factors for COPD. 11 The rates of morbidity and mortality due to COPD increase with age. 12 Previous studies had found that the prevalence of COPD was greater among men than among women, but more recent data from developed countries have indicated that the prevalence of COPD is roughly equal among men and women. 13 The symptoms of COPD are often worse in winter because bronchospasms can be easily induced by cold weather and airway infections. Frequent acute exacerbations of COPD have been found to be correlated with the deterioration of pulmonary function and elevated mortality. 14 Scabies and COPD exacerbations are more common in the winter. Wang et al 15 conducted a study of risk factors for scabies in Taiwan and showed that 5.7% of patients with scabies also had COPD. A review of the English literature on PubMed indicated that there have been no other previous reports discussing the connection between scabies and COPD. As such, the present 14-year nationwide population-based study was intended to, 1) evaluate the relationship between scabies and COPD, and 2) determine whether there is a relationship between scabies and the severity of COPD.
Materials and methods

Data source and collection
This study is a retrospective population-based study using data from Taiwan's National Health Insurance Research Database (NHIRD). The NHIRD is a huge database that contains data from the National Health Insurance (NHI) program. The NHI program is the unique health and medical insurance system of Taiwan, and was started in 1995. As of the end of 2013, the NHI program covered 99.9% of Taiwan's 23 million residents. 16 The NHIRD contains demographic data, medical records, and data on the clinical procedures administered to all inpatients, outpatients, and emergency room patients. We used a sub-dataset of the NHIRD, which is called the Longitudinal Health Insurance Database 2000 (LHID2000). The LHID2000 is a database that contains data for 1 million people randomly selected from the larger NHIRD in 2000. The LHID2000 and NHIRD are similar in terms of demographic data and origin population. 17 For this study, we used LHID2000 data covering the period from January 2000 to the end of December 2013. The clinical diagnoses for the patients in the database were made according to the International Classification of Diseases, 9th revision, Clinical Modification (ICD-9-CM). 18 This retrospective study was approved by the Institutional Review Board of the Tri-Service General Hospital (approval number: TSGHIRB B-105-06). As this was a retrospective study and all data was anonymous, the Institutional Review Board department agreed with the authors that it was not necessary to obtain patient consent.
study population
The study subjects were selected using LHID2000 data from January 2001 to December 2006. The patients who were newly diagnosed with scabies infection (ICD-9-CM: 133.0) between 2001 and 2006 were enrolled in this study ( Figure 1 ). The scabies infection diagnoses were made by licensed physicians. The exclusion criteria in this study were as follows: 1) patients who were diagnosed before January 1, 2001 (n=1,425), 2) patients who were younger than 40 years (n=5,510), 3) patients who had a previous history of scabies or COPD (n=1,341), and 4) patients with incomplete medical records (n=113). A total of 3,568 patients with scabies infection were ultimately enrolled in the study group.
The control group was determined by matching with the study group with regard to gender, age, insured region, and urbanization at a ratio of 1:4 (one study group patient to four control group patients). Ultimately, there were 14,255 subjects enrolled in the control group. For the patients in the study group, each patient's date of diagnosis of scabies was assigned as the index date and considered the starting point for the investigation of that patient, whereas for the control group, the year of the index date was a matched year in which the control subjects had utilized a medical service.
Outcomes
There were 17,823 subjects in this study, with 3,568 patients in the study group and 14,255 patients in the control group. Each subject was followed up for a 5-year period starting with their index date to identify those who were newly diagnosed with COPD (ICD-9-CM: 491, 492, and 496) during that time. We also followed up those who were diagnosed with COPD during the initial 5-year period for an additional 2-year period to determine the severity of their COPD and whether they suffered from acute respiratory events subsequent to being 
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Increased risk of COPD following scabies infection diagnosed with COPD. The primary outcome of this study was the number of patients in each group who were diagnosed with COPD. The secondary outcomes of this study were the numbers of patients in each group who suffered acute respiratory events complicated by COPD including acute exacerbation (ICD-9-CM: 491, 492, and 496), pneumonia (ICD-9-CM: 480-486), acute respiratory failure (ICD-9-CM: 518.81), and cardiopulmonary arrest (ICD-9-CM: 799.1, 798, and 427.5).
All the medical diagnoses of the patients, as well as any procedures and drugs administered to them, were recorded completely during the follow-up period. Each diagnosis of COPD (ICD-9-CM: 491, 492, and 496) was made by chest physicians based on at least two outpatient department visits or at least one admission during the follow-up period. The clinical diagnosis of COPD was made according to typical symptoms such as chronic cough, dyspnea, and sputum production; exposure to risk factors such as tobacco smoking, occupational pollution, and indoor air pollution; and on the basis of spirometry test results. 11 Patients with diagnoses of COPD without pulmonary function tests were excluded.
The diagnoses of acute respiratory events subsequent to COPD including pneumonia (ICD-9-CM: 480-486), acute exacerbation (ICD-9-CM: 491, 492, and 496), acute respiratory failure (ICD-9-CM: 518.81), and cardiopulmonary arrest (ICD-9-CM: 799.1, 798, and 427.5) were also done by chest physicians, cardiologists, or emergency physicians based on emergency room and admission records during the follow-up period. We selected patients older than 40 years due to the prevalence of COPD being extremely low in patients younger than 40 years. 12 The diagnosis of scabies (ICD-9-CM: 133.0) was made by licensed physicians based on the patient's history and physical examinations. Typical findings for scabies 
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Chen et al include generalized itching sparing the face, severe pruritus (especially at night), inflammatory pruritic papules, burrows, and nodules. 3 
Variables
The selected variables of comorbidities in this study were diabetes mellitus (DM, ICD-9-CM: 250), hypertension (HTN, ICD-9-CM: 401-405), congestive heart failure (CHF, ICD-9-CM: 428), coronary heart disease (CHD, ICD-9-CM: 410-414), chronic kidney disease (CKD, ICD-9-CM: 585, 586, and 588), and osteoporosis (ICD-9-CM: 733.0). The patients were classified into four groups according to age: 40-49 years, 50-59 years, 60-69 years, and older than 70 years. The patients were also categorized into four groups based on their monthly income in New Taiwan Dollars (NTD): , NTD 20,000; NTD 20,000-39,999; NTD 40,000-59,999; and $ NTD 60,000. The NHI program is mainly financed by the premiums shared by the insured, employers, and the government. The premiums received by the National Health Insurance Administration are used to help the insured pay for their health care expenses. The aforementioned patients' income data were provided by the National Health Insurance Administration and are included in NHIRD. The patients were also categorized into seven groups based on their level of urbanization. 19 Finally, the patients were also categorized into four groups according to their place of residence in Taiwan: northern region, central region, southern region, and other regions (eastern and outlying islands).
statistical analysis
All statistical methods were performed using the SPSS software Version 19.0 (IBM Corp, Armonk, NY, USA), and data management was performed using Microsoft ® SQL Server ® 2008 software (Microsoft Corporation, Redmond, WA, USA). The chi-square test was used for descriptive analyses concerning the distribution of demographic characteristics, income, geography, level of urbanization, and comorbidities between the patients with and without scabies.
We used Cox proportional hazards regression models to estimate the effects of risk factors on the hazard ratios (HRs) accompanying 95% confidence intervals (CIs). All the models were adjusted for the variables (gender, age, income, geography, urbanization, and comorbidities). The level of statistical significance was set at P,0.05 for a two-sided test.
Results
A total of 3,568 patients diagnosed with scabies from January 2001 through December 2006 were enrolled as the study group in this study. After performing matching at a ratio of 1:4 (one study group patient to four control group patients), a total of 17,823 patients were enrolled in the study, including 3,568 patients with scabies and 14,255 control subjects. The mean age of all 17,823 subjects was 59.31±14.21 years. The demographic characteristics of the study group and control group are listed in Table 1 . The patients with scabies were mostly middle-aged and residents of Northern Taiwan. HTN, DM, and CHD were the three most common comorbidities among the patients with scabies. There were significantly higher prevalences of DM, HTN, CHF, CHD, and CKD among the patients with scabies than among the control group. 
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Increased risk of COPD following scabies infection Table 2 shows the incidence of COPD and the results of the multivariable analysis during the 5-year follow-up for the patients with scabies and the control group. Among 17,823 subjects, 2,765 (15.5%) were diagnosed with COPD during the 5-year follow-up period; 904 (25.3%) were from the scabies group; and 1,861 (13.1%) were from the control group. The incidence rates of COPD were significantly different in the scabies and control groups. There were 904 (25.3%) newly diagnosed COPD patients in the scabies group and 1,861 (13.1%) in the control group. Compared with the control group, the crude HR for COPD for the scabies group was 2.15 (95% CI: 1.98-2.32). Table 3 shows the Cox regression analysis results for the independent risk factors associated with COPD. After adjusting for gender, age, income, geography, urbanization, and comorbidities, the adjusted HR (aHR) of scabies was 1.72 (95% CI: 1.59-1.87). Male patients (aHR 1.27; 95% CI: 1.18-1.38) had a higher aHR than female patients. In terms of age, the patients aged 40-49 years were used as the reference group. The aHR of the group aged 50-59 years was 1 The incidence of acute respiratory events and the results of the multivariable analysis of acute respiratory events complicated by COPD during the additional 2-year follow-up period are shown in Table 4 . After adjusting for gender, age, income, geography, urbanization, and comorbidities, the aHR of acute respiratory events complicated by COPD was higher in the scabies group than in the control group, especially for major acute respiratory complications. For the scabies group, the aHR was 4.00 (95% CI: 3.08-5.19) for COPD with acute respiratory failure, 3.95 (95% CI: 2.25-6.95) for COPD with cardiopulmonary arrest, 3.29 (95% CI: 2.77-3.92) for COPD with pneumonia, and 1.85 (95% CI: 1.67-2.06) for COPD with acute exacerbation.
Discussion
To the best of our knowledge, this is the first study specifically investigating the relationship between scabies and COPD. In this population-based study, a sample consisting of data for 1 million patients randomly selected from among the 23 million people in the NHIRD of Taiwan was analyzed. This study demonstrated that patients diagnosed with scabies had an increased risk of COPD during a 5-year follow-up period. Our study also revealed an increased risk of severe COPD complications such as acute respiratory 
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Chen et al failure, cardiopulmonary arrest, pneumonia, and acute exacerbation in patients with scabies during a subsequent 2-year follow-up period.
There was no research specifically investigating correlation between COPD and scabies infection in previously available literature. Scabies infection and COPD share similar risk factors, including being predominant among elderly people and during winter. Another explanation of the connection between COPD and scabies infection is thought to be chronic inflammation. According to in vitro studies, there are several proinflammatory cytokines, including interleukin (IL)-1, IL-6, IL-8, and TNF-a, as well as the immunomodulatory cytokines IL-10 and IL-12, that are responsible for immune reactions after exposure to scabies. 20 An immune response indicated by increased numbers of CD8 + (cytotoxic) Tc1 lymphocytes is characteristic of COPD. 21 Increased levels of IL-1β, IL-6, IL-8, and TNF-a have also been observed in sputum and bronchoalveolar lavage fluid from patients with stable COPD. 22 In addition to the aforementioned cytokines, IL-17 plays an important role in inflammation caused both by COPD and scabies infection. IL-17 induces the production of mediators involved in the recruitment and activation of neutrophils. 23, 24 Other than this physiological response, IL-17A has also been shown by animal model to be related to the development of emphysema, which is relevant to COPD pathology. 25 Furthermore, IL-17A drives neutrophilic inflammation in COPD acute exacerbation. Scabies infections in humans have been hypothesized to be correlated with an IgE-driven Th2 response to severe disease. 26 However, further evidence has revealed the complexity of immune responses to scabies infection. A porcine model of S. scabiei infection demonstrated that IL-17-related pathways may contribute to the immunopathology of crusted scabies. 27 Inhalation of long-acting beta agonist combined with corticosteroids is one of the major medications used for COPD. However, corticosteroids do not effectively reduce neutrophilic inflammation. 28 The results of our study may explain why the scabies infection group have more possibilities of developing major COPD complications after a further 2-year follow-up period.
Male patients and elderly patients had increased risks of COPD, especially in patients older than 70 years. These findings are consistent with the prevalence rates indicated by a meta-analysis including data from 28 countries and by a cohort study. 29, 30 In addition, patients with scabies with HTN, CHF, CHD, and CKD had higher risks of developing COPD during the 5-year follow-up period. The Global initiative for chronic Obstructive Lung Disease (GOLD) guideline mentions that cardiovascular disease and metabolic syndrome are frequently combined with COPD. 10 Many other comorbidities associated with COPD have also been reported, including HTN, 31 DM, 31 coronary artery disease, 31 osteoporosis, 32 heart failure, 33 pulmonary infections, and lung cancer. 
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Miller et al 32 showed that the morbidity and mortality rates of patients with COPD were increased in those who also had comorbidities such as CHF, CHD, osteoporosis, and DM. The possible reasons that HTN, CHF, CHD, and CKD are associated with an increased risk of COPD include the presence of chronic inflammation and that these conditions share similar risk factors, such as tobacco smoking. The risk of COPD was not significantly increased among patients with DM in our study, but Ehrlich et al 34 reported that patients with DM had a 22% increased risk of COPD.
There are several limitations in our study. First, all the diagnoses made using the ICD-9-CM coding system were sourced from the NHIRD. Detailed data of pulmonary function tests, forced expiratory volume in 1 s/forced vital capacity ratios (FEV 1 /FVC ratios), chest X-rays, computed tomography scans, and arterial blood gas analyses were not available in the NHIRD. Furthermore, instead of using the GOLD classifications, we used acute respiratory events such as pneumonia, acute exacerbation, acute respiratory failure, and cardiopulmonary arrest to evaluate the severity of COPD. Scabies and COPD patients were identified according to ICD-9-CM codes that were assigned to the patients by licensed physicians, and, while there are medical guidelines for making the relevant diagnoses, every physician's method of diagnosis and management is inevitably at least slightly different from those of other physicians. Second, we could not adjust for confounding factors that were not included in the NHIRD, such as cigarette smoking status and occupational exposure. This study showed that scabies is related to COPD. However, further studies are needed to determine whether there is a bidirectional relationship between scabies and COPD. Further studies with animal models or scabies antigen/antibody to reinforce the relationship between scabies and COPD are warranted. Finally, our study is a retrospective population-based study. Further randomized prospective studies are necessary to further evaluate the relationship between scabies and COPD.
Conclusion
This is the first study to show that patients with scabies have an increased risk for COPD. This study also showed an increased risk of severe COPD complications, including acute respiratory failure, cardiopulmonary arrest, pneumonia, and acute exacerbation, among patients with scabies. Scabies infection may be a determining factor for COPD incidence. This useful information may help physicians in treating scabies and remaining alert to the potential development of COPD and its severe complications.
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